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STATISTICAL REVIEW AND EVALUATION

NDA #: 20-920 Maj or Anendnent

Applicant: Scios Inc.

Drug Nane: Natrecor (nesiritide)

I ndi cation: deconpensated congestive heart failure

Docunment Revi ewed: desk copy for biostatistician — Volune 1
(January 9, 2001), SAS data sets (Decenber 29, 2000 and April 2,
2001), electronic subm ssion to maj or anendnent (CDER REC D Dat e:
March 2, 2001), M nor anendnment (docunent N-BZ, CDER REC D Date:
March 29, 2001), M nor anmendnent (docunment N-BZ, CDER REC D Date:
April 2, 2001), Briefing docunent (CDER REC D Date: April 4,
2001)

1. INTRODUCTION

Thi s subm ssion provides a nmaj or anendnment in response to
the Agency’s April 27, 1999 non-approval |etter for Natrecor NDA
20-920. According to the sponsor, the non-approval letter did
not question the efficacy of Natrecor as denonstrated by the data
submitted in the NDA. To support the approval, the Agency
requested a doubl e-blind, random zed, active-, and pl acebo-
controlled study to address the concerns outlined in the
sponsor’s letter of January 9, 2001. Follow ng a nunber of
meetings or tel econferences between the sponsor and the Agency,

t he sponsor conducted the VMAC (Vasodilation in the Managenent of
Acute Congestive Heart Failure) trial. This review pertains to
this trial.

2. OVERVIEW OF VMAC TRIAL

The 55-center, randonm zed, doubl e-blinded clinical trial was
designed to conpared the henodynam c, clinical, and safety
effects of the addition of Natrecor, placebo, and IV
nitroglycerin to standard care (diuretics, dobutam ne, dopam ne,
or other long-termcardiac therapies) in patients requiring
hospitalization for the treatnent of dyspnea at rest due to
acut el y deconpensat ed congestive heart failure.

Random zati on of approxinmately 480 patients was to be stratified
by the investigators’ clinical decision to use a right heart
catheter to the patients. Approximately 240 catheterized patients
were to be random zed in a 1:1:2:2:2 ratio to one of five
treatment groups: 3 hours placebo followed by IV nitroglycerin, 3
hours pl acebo foll owed by Natrecor fixed dose, IV nitroglycerin,
Nat recor fixed dose, Natrecor adjustable dose. Approxinmately 240
patients non-catheterized patients were to be random zed in a
1:1:2:2 ratio to one of the four treatnment groups: 3 hours
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pl acebo followed by IV nitroglycerin, 3 hours placebo followed by
Natrecor fixed dose, IV nitroglycerin, Natrecor fixed dose.
During the placebo-controlled period, conparisons were nade anpong
three groups: nitroglycerin, Natrecor, and placebo. The two

Nat recor treatnment groups (fixed dose and adj ustabl e dose) were
pool ed for the analysis during the placebo-controlled period.

The 3-hour tinme point has a wi ndow of #90 minutes. During the
active-controlled or post-treatnment period, overall conparisons
of catheterized and non-catheterized patients were nmade between
all nitroglycerin and all Natrecor and between all nitroglycerin
and Natrecor fixed dose.

Study drug was to be adm nistered for at |east 24 hours.

The first 3 hours were placebo-controlled and nitroglycerin-
controlled. At the end of 3 hours, placebo patients crossed over
to doubl e-blinded therapy with a titration regi men of
nitroglycerin or Natrecor fixed dose. For the first 3 hours,

Nat recor/ pl acebo was adm nistered as a 2-pug/ kg bolus, followed by

a fixed-dose infusion of 0.01 pug/kg/ mn. For Natrecor

adj ust abl e-dose group, after 3 hours, the Natrecor dose could be

i ncreased at 3-hour intervals if the subject had an SBP >= 100 mm
Hg and a PCWP >= 20 nmHg at the tine of the dose increase. The

regi men included a 1-pug/ kg bolus, followed by an increase in the
i nfusi on dose by 0.005 pg/ kg/ m n above the previous infusion

dose, up to a nmaxi mum dose of 0.03 pg/kg/mn. Al doses of

Ni trogl ycerin/placebo were determ ned by the Investigator.

Ni t rogl ycerin/placebo was to be titrated to achi eve the desired
clinical effects.

During the first 3-hour period, in catheterized patients only,
PCWP and PAP were neasured at 15 minutes, 30 minutes, 1 hour, 2
hours, and 3 hours. Cardiac ouput (CO and MRAP were neasured at
1 and 3 hours. In all subjects, vital signs and synptons
(dyspnea and gl obal clinical evaluations) were assessed at 15

m nutes, 30 mnutes, 1, 2, and 3 hours. After 3 hours, in
catheteri zed patients only, PCW and PAP were obtained at 6, 9,
12, 24, 36, and 48 hours, and when study drug was di scontinued

before 48 hours. |If the Natrecor dose was increased, PCW and
PAP were neasured i medi ately before and 1 hour after each dose
increase. 1In all subjects, vital signs were assessed every 3

hours and frequently for the first 2 hours after any dose
changes, discontinuation, or restarting of the infusion. Dyspnea
and gl obal clinical evaluations were obtained at 6 and 24 hours
and at the tine of discontinuation of study drug. Each patient

i ndependently was to eval uate his/her dyspnea and gl obal cli nical
status at each tinme point wthout help frominvestigators or
study staff. |If the patient was catheterized, synpotons were to
be col |l ected bofore the henodynam c neasurenents were obtained at
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each tinme point. The henodynam c results were not to be discussed
with the patient or within the hearing of the patient.

Mortality was assessed through 6 nonths. Three tinme points
speci fied were 30 days, 90 days and 6 nonths. General adverse
events were assessed through study day 14.

Endpoi nts

The primary endpoints were the changes from baseline, 3 hours
after the start of study drug, in PCW for catheterized subjects
and in the subject’s self-evaluation of dyspnea for all subjects.
The secondary endpoi nts included the effect on PCWP and dyspnea 1
hour after the start of study drug, the onset of effect on PCWP,
the effect on PCWP 24 hours after the start of study drug, and
the overall safety profile.

Statistical anal ysis nethod

The main contrast is that between Natrecor and placebo. The
primary efficacy paranmeter, the nmean change from baseline in PCW
at 3 hours, was to be analyzed with ANOVA. A non-paranetric
Kruskal -Vl lis test was also to be performed to check the
robustness of the primary efficacy results. Another primary

ef fi cacy paraneter, the subject’s dyspnea evaluation at 3 hours,
was represented at a 7-point ordinal response relative to
baseline status (score: markedly better (3), noderately better
(2), minimally better (1), no change (0), minimally worse (-1),
noderately worse (-2), markedly worse (-3)). The prinmary

anal ysis was based on ANOVA. A stratified two-sanple WI coxon
procedure (van Elteren’s test), stratified on right heart

catheter use, was also to be perforned at a two-sided al pha a =
0.05. According to the study report, this analysis was pre-
specified as a supplenental analysis to test the robustness of
the primary anal ysis and was recomended by the Agency as a nore
appropriate analysis (FDA neeting m nutes dated 02/ 10/2000). The
reason given in the study report is that a skew distribution
toward nore patients being inproved as a result of standard care
during the 3 hours would be expected in the placebo group.

There was no plan for al pha adjustnent for the two prinmary
endpoi nts because both primary endpoints nust reach statistical
signi ficance.

Mortality was anal yzed using a stratified log-rank test with
catheter as a stratification factor.
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Sanpl e size pl anni ng

For the 3-hour dyspnea eval uati on,
140 for the Natrecor and placebo arns,
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t he sanpl e sizes of 200 and

respectively, were thought

to have 88% power to detect a 0.3-point difference between the
two groups using two-sanple t-test at the two-sided 0.05

significance |evel

assum ng a common standard devi ati on of 0.8.

The two-sanple W coxon procedure woul d have approxi mately 86%
power to detect a treatnent difference in the foll ow ng
proportion:

Trt group Markedly Moderately | Minimally | unchanged | Minimaly Moderately | Markedly
improved improved improved worsened worsened worsened

Natrecor 5% 20% 25% 40% 5% 5% 0%

Placebo 0% 15% 20% 50% 5% 5% 5%

For the 3-hour

t wo- si ded 0. 05 significance |evel

PCWP eval uati on,

deviation of 6 nmm Hg.

Basel i ne characteristics and clinical

t he sanpl e sizes of 120 and 60
catheterized patients for the Natrecor and placebo arns,
respectively,
di fference between the two groups using two-sanple t-test at the

presentation

woul d have 88% power to detect a 1.86 mm Hg

assum ng a comon standard

There appeared to be sone inbal ance with respect to clinical
presentation at baseline between the nitroglycerin group and the
ot her two groups (Table 1).
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Table 1. Baseline characteristics and clinical presentation
bet ween pl acebo-controll ed treatment groups

Nitroglycerin | Natrecor Placebo p-vaue
(N=143) (N=204) (N=142)
Gender 0.030
Male 86 (60%) 148 (73%) 103 (73%)
Female 57 (40%) 56 (27%) 39 (27%)
Age 0.22
<65yrs 88 (62%) 118 (58%) 73 (51%)
> 65yrs 55 (38%) 86 (42%) 69 (49%)
Race 0.98
Caucasians 85 (59%) 118 (58%) 83 (58%)
Blacks 35 (24%) 50 (25%) 34 (24%)
Asians 3( 2%) 4( 2%) 1( 1%)
Hispanics 19 (13%) 29 (14%) 21 (15%)
Others 1( 1%) 3( 1%) 3( 2%)
Cardiac History
Sustained VT 9 ( 6%) 31 (15%) 22 (15%) | 0.018
Freguent PVCs 41 (29%) 68 (33%) 57 (40%) | 0.12
Longterm medications
ACE inhibitors 76 (53%) 130 (64%) 88 (62%) | 0.12
Nitrates 42 (29%) 80 (39%) 51(36%) | 0.17
Warfarin 48 (34%) 75 (37%) 37(26%) | 0.11
Class |11 antiarrhythmics 17 (12%) 41 (20%) 19(13%) | 0.08
Clinical presentation
Baseline SBP< 100 mmHg 20 (14%) 48 (24%) 22 (15%) | 0.067
IV vasoactive Rx* within 22 (15%) 60 (29%) 35 (25%) 0.009
24 hours before study drug
Baseline dobutamine 11 ( 8%) 33 (16%) 25 (18%) 0.023
Baseline dopamine 2( 1%) 15 ( 7%) 5(4%) | 0.023

Efficacy Results

1) 3-hour PCWP (primary endpoint)

As shown in Table 2, Natrecor decreased PCW at the 3-hour
time point to a significantly greater degree than placebo (p <
0.001).
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Tabl e 2. Mean change (xse) from baseline in 3 hour PCWP
(AI'l treated catheterized subjects, as random zed)

Ni troglycerin Nat r ecor Pl acebo
( N=60) (N=124) (N=62)
# of subjects analyzed 59 121 62
Mean change (£se) from -3.8 £ 0.7 -5.8 £ 0.5 -2.0£0.7
last baseline
p-value 0. 087 < 0.001 ----
compared to placebo
p-value 0. 027
Natrecor vs. NTG
Mean change (£se) from -3.9 £ 0.7 -5.9 £ 0.5 -1.9 £0.7
average baseline
p-value 0. 045 < 0.001 ----
compared to placebo
p-value 0.031
Natrecor vs. NTG

Revi ewer’s anal ysi s

The PCWP response profile over tinme through 3 hours al so
showed that Natrecor decreased PCWP significantly nore than
pl acebo t hroughout the three hours (see the sponsor’s Table 13,
page 63 of clinical final report). Effects on other henodynam c
paranmeters were no surprise (see the sponsor’s Figure 6 and Tabl e
14, clinical final report).

2) 3-hour dyspnea eval uation

One patient (#357401) in the Natrecor group did not have any
dyspnea or gl obal evaluations at any tinme point due to the reason
that he fluctuated in and out of a confused state, according to
t he sponsor’s explanation. In the analysis, this patient was not
i ncl uded.

At the request of Dr. Karkowsky, this reviewer exam ned the
patients who had PCW neasured prior to dyspnea assessnment. There
is no great disparity of recording tinme difference that m ght

i nduce bias in favor of Natrecor for dyspnea anal ysis (see Table
3).
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Table 3. Difference (in mnutes) between tinme of 3-hour PCWP
measurenent and tinme of 3-hour dyspnea assessnent

Ni troglycerin Nat r ecor Pl acebo
(N=60) (N=124) (N=62)
PCWP time < dyspnea 1; -2 +. 14; -5 +4 13; -8 +13
time (n; meantsd in min)
PCWPtime>=dyspnea |58; 3 %5 106; 3 =5 49; 2 £ 4
time (n; meantsd in min)

Revi ewer’s anal ysi s

Based on Table 4, Natrecor was seem ngly associated with a
nore favorabl e dyspnea eval uati on score or a greater percentage
of subjects whose dyspnea was inproved overall at 3 hours than
pl acebo (nom nal p-value = 0.050 (ANOVA), 0.034 (van Elteran’s
non-paramnetric test)). ANOVA is primary and the non-paranetric
analysis is a pre-specified supplenentary anal ysis.

Tabl e 4. Subject’s 3-hour dyspnea eval uation
(AI'l treated subjects as random zed)

Ni t roglycerin Nat r ecor Pl acebo
(N=143) (N=204) (N=142)
# of subjects analyzed 143 203 142
Mean tse 1.3 £1.1 1.3 £ 1.1 1.1 £ 1.2
p-value' 0.41 0. 050 ----
compared to placebo
p-value' 0. 29
Natrecor vs. NTG
Markedly better 17 (12%) 34 (17%) 25 (18%)
Moderately better 50 (35%) 54 (27%) 24 (17%)
Minimally better 37 (26%) 64 (32%) 41 (29%)
No change 33 (23%) 45 (22%) 46 (32%)
Minimally worse 5( 3%) 5( 2%) 6 (32%)
Moderately worse 0( 0%) 1 (0.5%) 0( 0%)
Markedly worse 1( 1%) 0 ( 0%) 0 ( 0%)
p-value2 0.19 0.034 ----
compared to placebo
p-value2 0. 57
Natrecor vs. NTG

* based on ANOVA analysis “ based on van Elteran’s test
Revi ewer’s anal ysi s

3) Subgroup results

Nat recor had a | arger decrease in PWP and a | arger inprovenent
in dyspnea score than placebo in nost of the subgroups (Table 5).
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Tabl e 5. Subgroup results on 3-hour change from baseline in PWP
and 3-hour dyspnea assessnent

| Nitroglycerin | Natrecor | Placebo

PCWP
Male 43; -3.6%0.9 92; -5.9+0.7 47; -1.940.6
Female 16; -4.5+1.1 29; -5.5+1.0 15; -2.3+1.3
Caucasians 33; -2.6%0.9 74; -5.440.8 39; -2.240.6
Blacks 17; -5.9+1.1 30; -5.940.9 14; -0.6+1.2
Hispanics 9: -4.2+1.8 15; -7.0+1.5 8: -3.442.2
Others 1; -21 S S
<65 yearsold 40; -4.5+0.8 70; -6.240.8 37; -1.5%0.8
> 65 yearsold 19; -2.4+1.1 51; -5.3%0.9 25; -2.9+0.7
NYHA Class| 1; -5.0

Class|| 10; -4.1+1.4 9; -5.2+1.3 2: -7.542.5

Class I 27: -4.7+0.9 48; -7.240.9 24; -2.0+0.9

Class IV 18; -1.4+1.3 54; -4.6+1.0 31; -1.0+0.6
No previous CHF 4, -8.0+2.4 9: -6.8+2.3 5. -6.8%2.4
Dyspnea
Male 86; 1.1+0.1 |147; 1.3+0.1 |103; 1.040.1
Female 57; 1.4+0.1 56: 1.4+0.2 39: 1.4+0.2
Caucasians 85; 1.1+0.1 |117; 1.140.1 83; 1.0+0.1
Blacks 35; 1.6+0.2 50; 1.7+0.1 34;: 1.2+0.2
Hispanics 19; 1.4+0.3 29; 1.3%0.2 21; 1.4+0.3
Others 4; 1.3+0.3 7:  1.9+0.3 4; 0.5+0.3
< 65 yearsold 88; 1.2+0.1 118; 1.4+0.1 73; 1.2+0.1
> 65 yearsold 55; 1.3%0.1 85; 1.2+0.1 69; 1.1+0.1
NYHA Class| 1; 2.0 1, 2.0 1; 0.0

ClassI 18; 0.8+0.2 13; 1.3%0.3 7: 0.940.5

Class 11 57; 1.3%0.1 88: 1.3+0.1 59; 1.3+0.1

Class IV 55; 1.2+0.2 85; 1.2+0.2 64; 0.9%0.2
No previous CHF 12; 1.8+0.3 16; 1.8+0.3 11; 1.5+0.4
Revi ewer’ s anal ysi s

4)  Summary

The VMAC study had two primary endpoints, PCW and dyspnea.
The rule for declaring that VMAC trial has a positive finding is
t hat both endpoints nust reach statistical significance (usually

nom nal two-sided p-values < 5% . The largest p-value of the two
endpoints is < 0.05; thus, the VMAC trial reaches statistica
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significance. The nom nal p-value for dyspnea inprovenent is
statistically significant.

Mortality

Mortality was not an efficacy endpoint. The study was not
designed to rule out the excess risk of 50% possibly associ at ed
with Natrecor. The nortality data contain study day of |ast
known alive and study day of last follow up for each patient.
The distributions of tinme to censoring appeared to be conparable
bet ween Natrecor and nitroglycerin (Table 6).

Table 6. Distribution of tine (in days) to censoring
(AI'l treated subjects, as randon zed)

Ni troglycerin | Natrecor Al'l Natrecor
(N=216) fi xed dose (N=273)
(N=211)
# of subjects analyzed 216 211 273
# of patients alive (%) 172 (79.6% 165 (78.2% 206 (75.5%
Maximum 331 358 358
99" percentile 305 315 315
95" percentile 258 278 271
90" percentile 248 247 246
75" percentile 205 209 206
50" percentile 188 188 187
Mean 196 196 194
25" percentile 184 185 184
10" percentile 183 182 182
ghpacaﬂne 181 160 160
1% percentile 31 30 30
Minimum 30 30 6

Revi ewer’s anal ysis (using study day of last follow up)

Three tine points specified for nortality analysis were 30
days, 90 days and 6 nonths. The results of the anal yses using
the two variables are very simlar and also very simlar to the
sponsor’s results. There was no statistically significant
difference in nortality, which is not surprising since the study
was not designed to show the treatnment difference. Nunerically,
the Natrecor groups had a greater nortality risk than the
nitroglycerin group (30 days hazard ratios are 1.41 and 1.56, 90
days hazard ratios are 1.44 and 1.52, 6-nonth hazard ratios are
1.11 and 1.22), see Table 7 and the sponsor’s anended Fi gure 20,
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Table 7. Mortality results of VMAC study
(Al'l treated subjects, as random zed)

Ni troglycerin |Natrecor Al'l Natrecor

(N=216) fi xed dose (N=273)
(N=211)

# of subjects analyzed 216 211 273
30 days
Death (%) 11 (5.1% 15 (7.1% 22 (8.1%
p-value compared to ---- 0.39 0.23
nitroglycerin
Harzard ratio of Natrecor ---- 1.41 1.56
To nitroglycerin (95% (0.65, 3.07) |(0.75, 3.24)
Cl)
90 days
Death (%) 27 (12.5% 37 (17.5% 52 (19.1%
p-value compared to ---- 0.15 0.078
nitroglycerin
Harzard ratio of Natrecor ---- 1.44 1.52
To nitroglycerin (95% (0.88, 2.37) |(0.95, 2.43)
Cl)
6 months
Death (%) 44 (20.4% 46 (21.8% 67 (24.5%
p-value compared to ---- 0.62 0. 32
nitroglycerin
Harzard ratio of Natrecor ---- 1.11 1.22
To nitroglycerin (95% (0.74, 1.68) |(0.83, 1.79)
Cl)

Revi ewer’s anal ysis (using study day of last follow up)

According to the study report (Table 3-2 of briefing

docunent),

the active-controlled treatnment groups,
More Natrecor patients were nale, were receiving

ni troglycerin.

chronic therapy with a Cass |11

t here appeared to be sonme baseline inbal ance between
Nat recor and

antiarrhythm c nedication,

received an |V vasoactive nedication within 24 hours before study
drug, and had study drug added to ongoi ng therapy wi th dobutam ne
or dopam ne. The Natrecor group also had nore subjects with NYHA
Class IV chronic CHF. Mre Natrecor patients has a history of
significant ventricular arrhythmas. The results from Cox
regression analysis containing these variables did not appear to
change the hazard ratio greatly.
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3. CONCLUSIONS

The VMAC clearly showed that Natrecor significantly decreased
PWCP. Natrecor also showed a statistically significant
synptomati c benefit with p = 0.034.

The excess risk of nortality associated with Natrecor in
conparison to nitroglycerin is about 41%56%in 30 days, 44% 52%
in 90 days and 11% 22%in 6 nonths. The VMAC data did not rule
out 50% excess risk of nortality (Table 7).

H M Janes Hung, Ph.D.
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This review consists of 11 pages of text.
Concur : Dr. Chi

cc: NDA 20-920 Maj or Anendnent
HFD- 110/ Dr. Li pi cky
HFD- 110/ Dr. Thr ocknorton
HFD- 110/ Dr. Kar kowsky
HFD- 110/ Ms. Nguyen
HFD- 700/ Dr. Anello
HFD- 710/ Dr. Chi
HFD- 710/ Dr. Mahj oob
HFD- 710/ Dr. Hung
HFD- 710/ chr on

JHung/ 594- 5436/ DB1/ Nat r ecor . doc/ 04- 18- 2001



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Janmes Hung
4/ 18/ 01 12:22:19 PM
Bl OMETRI CS

The review needs to get to HFD- 110 division by April 23 because it wl
| go to AC neeting in My.

CGeor ge Chi
4/19/01 11:10:44 AM
Bl OVETRI CS



